Coat protein genes of grapevine fanleaf virus local strains isolated in South-Moravia, Czech Republic were sequenced, and artificial coat protein gene was designed and synthesized. It retains typical sequence features of local strains but is free of mRNA destabilizing sequences. Three variants of the synthetic gene were cloned into Agrobacterium plant expression vector and their function was tested after potato protoplasts transformation, assaying transient mRNA and coat protein production.
INTRODUCTION

Grapevine fanleaf virus (GFLV)
is the causal agent of highly damaging grapevine fanleaf disease that causes significant reduction in grapevine crop yield and a progressive decline of fruit quality. It is a member of the genus Nepovirus, family Secoviridae (Sanfaçon et al., 2009 ) with genome consisting of two separately encapsidated, single-stranded, positive-sense RNAs (RNA1, RNA2). The larger RNA1 encodes a polyprotein, which is cleaved by RNA1-encoded viral proteinase into five products, including proteinase and RNA polymerase. RNA2 determines three products; 2A homing protein, 2B movement protein and 2C viral coat protein.
GFLV is a soil-borne virus that is transmitted by the ectoparasitic nematode Xiphinema index Thorne and Allen (Esmenjaud et al., 1993) . Accordingly, the fanleaf disease of grapevine is controlled by soil disinfection but this procedure is only partially efficient and in many countries forbidden due to high toxicity of nematocides.
As an ecological alternative, virus-resistant transgenic grapevine plants were developed to control the disease. In most cases, pathogen-derived resistance (Sanford and Johnson, 1985) approach was applied, which assumes that transgenic plants acquire virus resistance through the expression of viral proteins (Baulcombe, 1996) or viral RNA (van den Boogaart et al., 1998) . Grapevine rootstock is the primary target of transformation experiments, because of its direct contact with soil nematodes and possibility to keep grapevine crop from grafted wine cultivars as GMO free product.
In the last years, transgenic grapevine cultivars were developed and tested in many laboratories. Several attempts were made to achieve resistance by expressing the viral coat protein (CP) gene (Valat et al., 2006; Gambino et al., 2005; Gölles et al., 1998 Gölles et al., , 2000 Krastanova et al., 1995) , CP gene in antisense orientation (Gambino et al., 2005) and truncated forms of CP (Maghuly et al., 2006) . Other GFLV genes such as moving protein gene were also used for transformation (Jardak-Jamoussi et al., 2009) .
Unfortunately, protection from GFLV infection by transgenic approach has been demonstrated only in a few cases and to rather low extent. For example, Barbier et al. (1997) studied sensitivity to GFLV transmission using grafting of wild and transformant plants, but none of the transformants exhibited immunity against GFLV. Vigne et al. (2004) grafted non-transgenic grapevines on transformed rootstocks expressing the GFLV CP gene. Only three out of 18 plants exhibited resistance to natural GFLV infection and the resistance was unrelated to GFLV CP expression level.
The variable effect of GFLV derived transgenes against virus infection may be probably explained also by significant variability of viral genome sequence that is typical for RNA viruses. Post-transcriptional gene silencing, which is the mechanism underlying resistance to viruses in most plants expressing viral genes (Voinnet, 2005; Ritzenthaler, 2005) , requires very high sequence identity between transgene and target viral genes for efficient resistance (Chiang et al., 2001) . We have shown, however, that even the most essential genes of local strains of GFLV may differ in many codons from standard sequenced genes that are usually used for Vitis L. transformation (Eichmeier et al., 2010) . The objective of this study was to construct plant transformation vectors carrying GFLV CP genes with a sequence that was derived from local isolates, in silico optimized and synthesized. The expression of various CP transgenes was tested in potato protoplasts after PEG-mediated transgene insertion.
MATERIALS AND METHODS
Local GFLV CP genes isolation and sequencing
Virus strains KO1, KML51, PN33 and PN35 have been isolated from various grapevine cultivars frequently planted in South Moravia, Czech Republic. Their RNA2 region from 2147 to 3416 nts encompassing the central part (about 80%) of CP gene sequence has been amplified by RT-PCR and sequenced as described (Eichmeier et al., 2010) . Sequencing of all obtained PCR products has been successful within the 935 nts long region. For the fulllength gene synthesis, the unsequenced part of the CP gene, at the beginning and end of the study, was added from the standard sequence of Serghini et al. (1990) .
Protoplast isolation and transfection
The donor potato plants (Solanum tuberosum L. cv. Bintje) cultured in vitro on Schenk and Hildebrandt (1972) medium were treated for 3 weeks with a 6-h photoperiod, low irradiance (17 μmol m -2 s -1 ) and a low temperature (10°C). Leaf mesophyl protoplasts were then isolated essentially according to Bříza and Machová (1991) . Transformation procedure mediated by polyethylene glycol (PEG) was performed on the base of the Negrutiu et al. (1987) protocol. Briefly, each sample containing 10 6 of freshly prepared potato protoplasts in 1 ml SW 11 medium (Bříza and Machová, 1991) was incubated 5 min at 45°C, and immediately transferred on ice for 10 s, and 50 μg of transforming DNA together with 50 μg of salmon sperm DNA was added. After 5 min at room temperature, 500 µl of 40% PEG 6000 solution was added, and mixed by careful shaking and incubated at room temperature for 30 min. Three times 2 ml of wash solution G (0.812 g NaCl, 0.027 g KCl, 2 g glucose, 1.836 g CaCl2.2H2O in 100 ml of water, pH 7.0) were added at 5 min intervals and carefully mixed after each dilution step. After centrifugation at 18 g for 5 min, the protoplasts were washed in W5 Medium (Menczel et al., 1981) , centrifuged for 5 min at 14 g. Thereafter, it was resuspended in 3 ml SW11 medium and incubated at 22°C in the dark for 24 or 48 h. The protoplasts were collected by centrifugation at 14 g for 10 min, washed in 1 ml W 5 medium and lysed in 450 μl of RLT extraction buffer of RNeasy Plant Mini Kit (Qiagen) for isolation of total RNA or in 200 μl extraction buffer "Grapevine" (DAS-ELISA GFLV, Reinach, Bioreba) for the extraction of proteins.
GFLV CP ELISA test BIOREBA
The protoplasts in 200 μl of extraction buffer were frozen in liquid nitrogen, defrosted at room temperature, applied on microtiter plates (Nunc-Immuno Plates Maxi Sorp F96) coated with GFLV polyclonal IgG and incubated at 4°C overnight. After washing, the incubation with AP-conjugates (alkaline phosphatase labeled monoclonal antibody) was done in 30°C for 5 h and finally, incubation was done with p-nitrophenyl phosphate at room temperature in the dark. The developed yellow colour was measured photometrically at 405 nm.
RESULTS AND DISCUSSION
Optimized local GFLV CP-MEnd gene design, synthesis and cloning
All local GFLV isolates have shown similar sequence that was though rather different from CP sequences obtained from grapevines cultivated in Italy, France and other countries (Eichmeier et al., 2010) . In the 308 aa long sequenced region, 15 to 20 amino acid changes were detected in local strains, and many more in DNA sequence. Based on sequencing results, CP-MEnd sequence (GenBank JN793478) that contains the "average" CP sequence of South-Moravian GLFV isolates was designed. The optimal sequence was designed to retain sequence motifs of at least some of the local isolates, allowing at the same time to avoid typical mRNA destabilizing sequences such as cryptic introns, internal ribosome binding sites and premature polyadenylation signals. Optimization procedure was performed with the help of commercial firm (GENEART, Regensburg, Germany) and the optimized CP gene was commercially synthesized. Also, Kozak consensus starting codon sequence was added, flanking cloning sites XbaI and two internal restriction sites BglII and BamHI that enable simple preparation of truncated variants of the gene with deleted standard CP sequences (Figure 1 ). Synthetic gene was cloned into Agrobacterium binary expression vector pCB3150B that was constructed by inserting CaMV 35S promoter and terminator sequence from MonoGUS plasmid (Bonneville et al., 1989) in plant vector pCB1399 (Matoušek et al., 1989) . Resulting plant vector pCB3819 contains full length synthetic CP gene driven by tandemly arranged promoters pMan1´-p35S. Vectors pCB3820 with deleted C-terminal "standard sequence" part the gene and pCB3121 with N-terminal standard part deleted were also prepared (Figure 1) . 
Transient expression of
GFLV_MEnd constructs in plant protoplasts
To assess performance of the vectors in plant cells, transient expression of CP-MEnd genes in potato (Solanum tuberosum L. cv. Bintje) protoplasts were evaluated. Total RNA was isolated from potato mesophyl protoplasts after both 24 and 48 h cultivation, following PEG mediated transformation by the vectors carrying CP genes pCB3819, pCB3820 and pCB3821, and RT-PCR was performed. Specific mRNAs of expected size were present in all samples ( Figure  2 ), whereas negative control samples, that is, without first-step reaction, did not show any amplification demonstrating that, removal of contaminating DNA from total RNA samples was fully effective. Expression of specific RNAs from optimized CP genes in potato protoplasts indicated that synthetic genes cloned into Agrobacterium plant vector were fully functional Figure 2 . Results of RT-PCR after potato protoplasts transformation with pCB3819, pCB3820, and pCB3821, respectively. Lanes 1 to 3 -cultivation 24 h; Lanes 7 to 9 -cultivation 48 h; Lanes 4 to 6 -negative controls. Lanes 1 and 7 -transformation with pCB3819 (expected fragment size 1472 bp); Lanes 2 and 8 -transformation with pCB3820 (expected fragment size 968 bp); Lanes 3 and 9 -transformation with pCB3821 (expected fragment size 1209 bp); Lane M -100 bp DNA Ladder (New England Biolabs).Total RNA isolated from leaf protoplasts was used for twostep reversion transcription PCR (RT-PCR) with M-MLV (Moloney murine leukemic virus) reversion transcriptase in accordance with manufacturer recommendation (Top-Bio, Prague). 10 μl of first step mixture consisting of 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3mM MgCl2, 10 mM DTT, 0.5 mM each dNTPs, 2.5 mM 3` specific primer, 100 μg RNA/ml and 2500 U M-MLV-RT/ml) was incubated at 37°C for 1 h for the synthesis of specific cDNA. 1 μl of this mixture was used as a template in second-step reaction with specific primers and standard DNA polymerase allowing amplification of relevant transgene fragment if specific mRNA was presented in starting total RNA. GFLV ELISA test of Bioreba was used for evalution of transgene translation level in potato protoplasts. Positive reaction was found in extracts from protoplasts transformed by full length CP gene but the 405 nm absorbancy was about 10 times lower then, with the same protein amount of provided positive sample extract from infected leaves. Samples with truncated versions of the gene gave negative results (not shown). This must not indicate the absence or instability of the truncated CP proteins, however. Our synthetic CP-MEnd gene differs in about 15 amino acids form the most common GFLV-CP genes and this may cause weaker reaction with antibodies. In truncated genes, important epitopes may be lost, what could further decrease the sensitivity of the assay.
Five Vitis vinifera rootstock cultivars were transformed with Agrobacterium tumefaciens LBA4404 carrying vectors pCB3819, pCB3820 and pCB3821 with variants of CP_MEnd gene, using the meristematic bulk tissue method (Mezzetti et al., 2002) . About forty transgenic plants are now in the process of regeneration and their properties will be studied.
